The ability of organic polymer rich coagulants for colour removal from acid dye was studied. An improved method for the extraction of the active coagulant agent from the seeds was employed. The effects of four variables including pH, coagulant dosage, dye concentration and time were analyzed. Response surface methodology (RSM) using face-centered central composite design (FCCD) was used to optimize the four variables. Increase in the colour removal efficiency was higher in acidic solution pH. Accurate control of coagulant dosages gave optimum destabilization of charged particles and re-stabilization occurred at above 800mg/L dosages. Polymer performances were measured through time-dependent decrease in particle concentrations following aggregates growth. The verification experiment agreed with the predicted values having less than 4% standard error. Overlay contour plot was used to establish an optimum condition for the multiple responses studied. The response surface approach was appropriate for optimizing the coagulation-flocculation process while minimizing the number of experiments. Coagulants studied should be considered as an alternative for conventional coagulants that are widely used in dye wastewater treatment plants.
INTRODUCTION
Contaminations of environment by wastewater discharge have caused environmental, social, economic and public health problems [1-2]. Dye-containing wastewaters are contaminants because of their highly toxic characteristics [3] . Presently, about 10,000 different commercial dyes and pigments are available and over 7.11 X 10 7 kg/yr is produced worldwide [4] . Dye production industries (such as textile, rubber, pulp, paper, plastic, cosmetics, food, pharmaceutical, leather tanning, printing, medicine, etc.) generate wastewater characteristically high in colour, organic and inorganic contents. Dye wastewaters have to be treated to accord with discharging limit [5] . The methods used for contaminant removals from dye wastewater can be divided into three main categories; physical, chemical and biological. Physical treatments such as precipitation, ion exchange, membrane filtration, irradiation, ozonation and adsorption are widely used techniques. Physico-chemical treatment methods are coagulation-flocculation, precipitation, photo-catalysis, oxidation and chemical sludge oxidation. Lastly, biological treatment techniques used are aerobic degradation, anaerobic degradation, and living/dead microbial biomass [6] . Coagulation-flocculation is an already established process for contaminant removal from most wastewaters ranging from wastewater containing: biochemical oxygen demand; BOD [7] , colour [8] , dissolved organic carbon; DOC [9] , turbidity [10] , chemical oxygen demand; COD [11] , grease and oil [12] , total suspended solids; TSS [7] , heavy metals [13] [14] . Coagulation-flocculation is an efficient unit process used for colour removal from industrial wastewater due to its efficiency and simplicity to operate [12] . Typical coagulants are inorganic salt such as Al (SO4)3 or FeCl3, as well as synthetic organic polymer [15] . Although these chemicals are rather effective in removing dyes and suspended matters from the aqueous solution, several disadvantages have recently arisen, such as their impact on human diseases like Alzheimer's caused by inorganic salts [16] and neurotoxin and carcinogenic effects [17] caused by acrylic amide or poly acryl amides.
To solve these problems, natural coagulants extracted from plants have been in use. Natural polymer coagulants are of emerging trend by many researchers because of their abundant source, low price, environmental friendliness, multifunctionality; they do not alter treated water pH and biodegradability in water. In this study, the active coagulant agents extracted from the seeds of cowpea (Vigna unguiculata), fluted pumpkin (Telfairia occidentalis), black timber (Brachystegia eurycoma), Bambara nut (Vigna subterranean), and horse radish (Moringa oleifera) were used for decolourization of Azocarmine G dye. The seeds extract are characterized to be a soluble cationic protein and possess the ability to act as a natural polymer coagulant [15, [19] [20] [21] [22] [23] . We used RSM to develop a mathematical correlation between pH, coagulant dosage, dye concentration and time for the colour removal from the dye containing wastewater. A face-centered central composite design (FCCD), a very efficient design tool for fitting the secondorder models [24] was selected and design-expert (version 9. 0. 1.0) software achieved this purpose. Design-expert also demonstrated the analysis of variance (ANOVA), 3D surface plot, numerical optimization and multiple response optimization (MRO) using overlay contour plot. The present work explores the potentials and effectiveness of using active coagulant proteins obtained from the seeds for decolourization of acid red 101 (Azocarmine G) in aqueous solution. Newer approach of extracting active coagulant agent is adopted in the coagulation-flocculation process. In addition, choices of coagulant and dye ionic nature are necessary for high efficiency performances.
MATERIALS AND METHODS

Materials Collection and Preparation of Natural
Coagulants Seed Powder Moringa oleifera seed pods were purchased from local market of Enugu city. Matured seeds showing no signs of discolouration, softening or extreme desiccation were used. The seeds were de-hulled and sun dried. The dry seeds of the five samples were grounded to fine powder (63 -600µm) using an ordinary food processor (Model BL 1012, Khind) to achieve solubilization of active ingredients. The seed powders were then ready for extraction of the active components.
Extraction of Active Component
The active proteins from coagulants were extracted by adding 2g of powdered samples to 100mL distilled water. 
Buffer Solution
All assays were done in a pH-stable medium. Buffer solutions (pH 2, 4, 6, 7, 8and 10) were prepared by the standards established according to the National bureau of standards (NBS) and were standardized using a digital pH meter. All reagents used were of analytical purity grade.
Dye Preparation and Absorption Spectrum
Determination Acid Red 101 (water soluble dye) was provided by May & baker England with molecular structure as shown in Fig. 1 . The characteristics of the dye are summarized in Table 1 . Dye with commercial purity was used without further purification. The absorption spectrum of the dye was obtained by dissolving 1000mg/L of AR 101 in distilled water. A sample of the solution was scanned against the blank of distilled water in the range of 250 -850nm using UV-Vis spectrophotometer (Shimadzu, Model UV -1800). Stock solution of 1000mg/L of dye was prepared by dissolving accurately weighed amounts of AR 101 in separate doses of 1L distilled water. The desirable experimental concentrations of 10-120mg/L were prepared by diluting the stock solution when necessary. The wavelength of maximum absorbance (λmax) and calibration curve at λmax were determined. 
Decolourization determination
Colour measurement was determined with standard dilution multiple method and by comparing absorbance to a calibration curve. Decolourization of AR 101 was determined by monitoring the decrease in the absorbance peak at the maximum wavelength of 516nm. Dye concentration of the supernatant (from coagulation experiment) was measured using UV-Vis spectrophotometer (Shimadzu, model 1800). The study was conducted by varying few experimental parameters including pH, coagulants dosages, dye concentrations and time. The pH was adjusted to the desired value using 0.1M HCI and 0.1M NaOH.
Experimental Design and Data Analysis
Central composite design (CCD), a very efficient design tool for fitting the second-order models (Montgomery 2001) , was used in the experimental design. The CCD introduced by Box Wilson in 1951, is well suited for fitting quadratic surface, which usually works well for the process optimization. In this research, the facecentered experimental plan was implemented as a CCD. A CCD is made face-centered by the choice of α [27] . Face-centered design is having the position of the star points at the face of the cube portion on the design [24] . The face-centered option ensures that the axial runs will not be any more extreme than the factorial portion. The independent variables selected for this study were pH (A), coagulant dosage (B), dye concentration (C), and time (D). A 2 4 two-level factorial for four independent variables consisting of 16 factorial points coded to the usual ± notation, 8 axial points and 6 replicate at centre point where conducted, given a total of 30 experiments for each response. Mathematically, Eq. (2) was used to determine the total number of runs performed. The total number of experiments, N with k factors is: 2 2 (2) Where k is the number of factors and n is centre points. The experimental design table is presented in Table 2 . For statistical calculations, the variables Zi (the real value of an independent variable) were coded as Xi (dimensionless value of an independent variable) according to Eq. (3): In (2), Zi stands for the uncoded value of ith independent variables, Zi * stands for the uncoded value of ith independent variables at centre point and ΔZi is a step change value. Design-expert software 9.0 (State Ease, Minneapolis, USA) was used for regression and graphical analysis, fitting to a second-order polynomial model to optimize the variables in the coagulation-flocculation process. Each response was used to develop an empirical model which correlated the response to the dye coagulationflocculation variables using a second degree polynomial equation as given by Eq. (4):
( ) Here Y is the predicted response, b0 the constant coefficient, bi the linear coefficients, bii the quadratic coefficients, bij the interaction coefficient, Xi Xj are the coded values of the variables, n is the number of independent test variables and ε is the random error. Adequacy of the proposed model is revealed using the diagnostic tool provided by analysis of variance (ANOVA). The quality of the model fit was expressed by the coefficient of determination (R 2 ). The R 2 values provide a measure of how much variability in the observed response values can be explained by the experimental factors and their interactions. These analyses are done by means of Fisher's 'F' test and Pvalue (probability). Model terms were evaluated by the P-value with 95% confidence level. Finally, the optimal values of the critical parameters were obtained by analyzing the counter plots and solving the regression equation. The range and levels of the experimental design is presented in Table 2 . 3 . RESULTS AND DISCUSSION 3.1 Characterization Result The proximate analyses of coagulant precursors were summarized in Table 3 . The moisture content values show water absorption ability of the coagulants. High crude protein contents recorded in all the precursors especially in Telfairia occidental is indicates the presence of protein, which is in agreement with the literatures that the protein contents of the precursors are cationic polypeptides [19] [20] [21] [22] . Fibre contents present established that the precursors were organic polymer with repeating small molecules that could extend as tails and loops when dispersed in water [28] . Crude protein, moisture contents and fibre contents present, justifies the use of the plants seed powders as coagulant in this work.
Absorption Spectra of Dye and Calibration Curve
Analysis. Beer-Lambert's law was obeyed in the desired concentration range following the straight line graphs obtained from the plots [29] . The result of the calibration analysis validated spectrophotometric method as the most accurate method for determining colour concentrations in aqueous solution.
Development of Regression Model
In order to study the combined effect of the factors, experiments were performed for different combinations of the parameters using statistical tool. In addition, the P-values for the quadratic models for the five coagulants were less than 0.05, (P-values of regression ≤ . 5) indicating models were statistically significant. In addition, the models did not exhibit lack-of-fit indicating insignificant lack-of-fit. The lack-of-fit test measures the failure of the model to represent data in experimental domain at points that are not included in the regression. If a model is significant and not suffers from lack-of-fit, it does not necessarily mean a good one. If the experimental environment is quite noisy or some important variables are left out of the experiment, then it is possible that the portion of the variability in the data not explained by the model, also called the residual could be large [30] . Thus, a measure of the model's overall performance referred to as the coefficient of determination (R 2 ) must be considered. When predicted R 2 and adjusted R 2 differ dramatically, there is a good chance that non-significant terms have been included in the model [27] Table 5 . These close values of predicted R 2 and adjusted R 2 confirm the accuracy of the model. It was also observed from the table that for the coefficients terms such as pH (A), coagulant dosage (B), dye concentration (C) and settling time (D), whose P < 0.05 were significant whereas some of the interaction terms (AB, AC, AD, BC, BD and CD) and the square terms (A 2 , B 2 , C 2 and D 2 ) were also significant to the response. Nevertheless, the interactive and square terms with P-value > 0.05 could be considered to have no effect on the colour removal. Positive sign in front of Eq. (5-9) indicates synergistic effect of the factors, whereas negative sign indicates antagonistic factor effect. Therefore, the overall quadratic models as expressed in Eq. (5-9) for the responses measured are significant and adequate. For a model to be reliable, the response should be predicted with a reasonable accuracy when compared with the experimental data. Figure 4 compares experimental colour removal efficiencies (%) with the predicted values obtained from the model. The figure indicated good agreements between the experimental and predicted values. The observed points on these plots reveal that the actual values are distributed relatively near to the straight line in most cases, indicating that the regression model is able to predict these removal efficiencies. A close relationship between predicted and experimental data indicates a good fit. Figures 5(a-e) shows the 3D response surface plots of quadratic models for colour removal efficiency using VUC, TOC, BEC, VSC and MOC respectively. As can be seen from Fig. 5a , the maximum colour removal efficiency using VUC is in the region where the pH ranged from 2-4, Also Fig. 5b shows that the maximum colour removal efficiency using TOC is in the region where the pH ranged from 2-4, time ranged from 380-500mg/L at 60mg/L dye concentration and dosage600mg/l. In addition, Fig. 5c shows that the maximum colour removal efficiency using BEC is in the region where the pH ranged from 2-4, time ranged from 460-540mg/L at 60mg/L dye concentration and dosage600m/L. Furthermore, Fig. 5d shows that the maximum colour removal efficiency using VSC is in the region where the pH ranged from 2-4, time from 460-540min at coagulant dosage of 600mg/L and dye concentration of 60mg/L. Lastly, Fig. 5e shows that the maximum colour removal efficiency using MOC is in the region where the pH ranged from 2-4, coagulant dosage ranged from 800-1000mg/L at 60mg/L dye concentration and time 300min. In general, the response surface plots indicate that the maximum colour removal efficiencies are located inside the design boundary. pH plays an important role in the coagulationflocculation process because it must be controlled in order to establish optimum conditions for coagulationflocculation. The effectiveness of the polymers in colour removal from AR 101 dye are highly dependent on pH as shown in Fig. 5 . it was observed that the polymers showed higher colour removals at low pH values and maximum removal was obtained when initial pH of the solutions were 2. In other words, colour removal efficiency decreased with increasing pH. Charge on the hydrolysis products and precipitation of polymeric hydroxides are both controlled by pH variations [31] . As the functional groups of the acid dyes are anionic, hydrolyses products of the organic biopolymer can neutralize the negative charges on dye molecules followed by polymer adsorption. The result illustrated in Fig. 5(a-d) indicates that with the decrease of coagulant dosages, the removal efficiencies increased and maximum colour removal efficiency was achieved at maximum coagulant dosages (200 mg/L).The high removal efficiencies of >50% found in all the coagulants for the 200 mg/L dosages confirms that charge-neutralization and adsorption mechanism was observed to be predominant mechanism in the AR 101colour removal. Charge-neutralization followed by adsorption mechanism is the predominant mechanism at low dosages of coagulant. Positive charge species are responsible for removal of particles by charge neutralization. The use of cationic polymer for coagulation-flocculation of negatively-charged colour particles is needed, because strong adsorption affinity and neutralization of the particle charges could occur. As expected, the polymer charge density (CD) is very important; with higher CD of coagulants the optimum dosage becomes lower. It is the total amount of charge adsorbed that is important, rather than the polymer dosage itself. Increase in the coagulant dosages resulted in a decrease in the removal efficiency. This trend was observed in Fig.  5(a-d) , at dosages higher than 800mg/l, when the removal efficiencies began to decrease. This implies that overdosing happened in the reaction solution.
Response Surface Plotting for Evaluation of Operational Parameters
Overdosing deteriorates supernatant quality, referring to the "re-stabilization" of the colour particles and therefore the particles could not coagulate well. With excess polymer adsorption, the particle charge may be reversed. This raises the question of the role of straightforward charge effects in the destabilization and re-stabilization of negative colloids by cationic polymer. This could also be a cause of reversal on the dosages after reaching an optimum. High removal efficiency obtained at higher dosages as shown in Fig. 5e explained the involvement of sweep flocculation and adsorption mechanisms, which are all inclined to occur at high dosages. The coagulant apparently served as condensation nuclei and the dye particles were enmeshed as the precipitate was settled.
The high dosages of the organic polymer could also give rise to chain bridging and adsorption mechanism [11] . In general, charge neutralization, sweep flocculation and polymer adsorption played a predominant role in the coagulation-flocculation process due to its pH and dosing values. However, the acidic condition (pH 2-4) was in favour of the improvement of cationic charge density as well as the extension of the grafting chain in the solution. This brought about the fourth mechanism "inter-particle bridging" which could be present due to high polymer dosages as observed in MOC. Flocs formation involve both interactions of coagulant hydroxide precipitate following hydrolyses reaction and contact with particles. Coagulation-flocculation performance is usually evaluated through timedependent decrease in particle concentration [32] . This decrease in the concentration of particles coincides with the growth of aggregates. The longer coagulationflocculation time (60-540min) in this process is also a confirmation of presence of sorption mechanism. The reduction in concentration did not vary significantly after 420min from the initial stage. This shows that equilibrium can be assumed to have been achieved after 420min. Destabilization of the aggregate flocs could set in after this time. This was basically due to saturation of the active sites which does not allow further polymer adsorption and also prolonged settling time. At high pH values which yielded low efficiencies for the colour removal studied, there is a competition between OH -and organic anions contaminants for polymer hydrolysis products. Adsorption of the natural organic contaminants (NOC) or NOC-polymer contaminant complexes onto polymer hydroxide precipitate forming at high pH is also limited. As pH increases, natural organic compounds become more negatively charged and polymer hydrolysis species become less positively charged, resulting in less adsorption propensity. For these reasons, coagulation-flocculation of NOC in wastewater is mainly performed under low pH conditions along with the presence of soluble cationic polymer hydrolysis species. These species react with anionic functional group son NOC to precipitate as a polymer-NOC. Conclusively, high removal efficiency at low pH values are predominant in organic contaminants removal from acid dyes. Similar results were reported by [33] [34] .
Optimization Analysis
In order to maximize the contaminant removal efficiencies, optimization analysis was done using Design expert 9.0 software. Process optimization searches for a combination of factor levels that simultaneously satisfy the criteria placed on each responses and factors. Numerical optimization was employed and the desired maximum goal was set for each factor and responses. These goals are combined into an overall desirability function, for effective maximization of the function. Optimal conditions and the optimization results are shown in Table 5 . The optimum predicted values were further validated by carrying out the experiment at the optimal predicted conditions and the results of the experimental values were also shown in Table 5 . The experimental checking for the optimum conditions confirms good agreements with RSM results. The verification experiments demonstrated a good agreement between the experimental and model, indicating RSM approach adopted in this study was appropriate for optimizing the coagulation-flocculation process. Also as a consequence, the maximum error (%) between the predicted values and the experiment values were less than 4% indicating that the models adopted could predict experimental results well. The adequacy of the model was once again verified effectively by the experimental data validation Figure 6 : Overlay plots of the optimal regions for the AR 101colour removal at optimum dye concentration of 22.65mg/L and time of 540min.
Multiple response optimizations (MRO)
Removal efficiencies of the colour using VUC, TOC, BEC, VSC and MOC yielded five individual responses, and their optimizations were achieved under different optimal conditions. Thus, a compromise among the conditions for the five responses is desirable. The desirability function approach together with graphical optimization was used to achieve such goal. With multiple responses, the optimum conditions where all parameters simultaneously meet the desirable treatment level can be visualized graphically by superimposing the contours of the response in an overlay plot [24] . By defining the desired limits, the optimum condition can be visualized graphically by superimposing the contours of the five responses in an overlain plot, as shown in Fig. 6 . The shaded portion of the overlay plot defined clearly the permissible values of the independent variables. Regions that do not fit the optimization criteria were shaded grey. The yellow shade ("sweet spot") satisfies the goal for every response. The values for different responses shown in Fig. 6 indicate the minimum desirable efficiency value to be overlaid. As a result, the each colour removal efficiency was optimized and the best conditions for the responses were determined. Graphical optimization of Fig 6 displays the area of feasible response values in the factor space and the regions that fit the optimization criteria was shaded yellow. Using the overlain plot for optimal region further confirms the relevance of numerical optimization done and it offers a greater flexibility in MRO [30] . Also, it is often applied when there is an emergency because it reduces preparation time and cost of experiment. 4 . CONCLUSION In this study, coagulation-flocculation process was optimized using VUC, TOC, BEC, VSC and MOC. The response surface methodology using face-centered central composite design was used to investigate the effect changes in the level of pH, coagulant dosages, dye concentration and time on the percentage colour removal. The optimum combination of operating parameters that yields the maximum colour removal was determined. The results clearly showed that the colour removal efficiency was severely influenced by pH, coagulant dosage and time. It was found that apart from the charge neutralization/adsorption which is the primary mechanism in the process, sweep-flocculation and inter-particle bridging played important roles in enhancing colour removal process. From the optimization analysis, the maximum colour removal efficiency was obtained as 90.74%, 99.73%, 99.44%, 89.92% and 98.92% for VUC, TOC, BEC, VSC and MOC, respectively and the optimal conditions for optimum efficiencies were established. Generally, TOC followed by BEC were more effective in the colour removal followed by MOC and VUC. VSC was the least effective coagulant. An optimal condition of pH 2, coagulant dosage 375mg/L, dye concentration 22.65mg/L and time 540min was obtained from the compromise of the five desirable responses. The confirmation experiments demonstrated a good agreement between experimental data and model values, indicating RSM approach can be successfully applied for modeling and optimizing the coagulation-flocculation process. It is an economical way of obtaining the maximum amount of information in a short period of time and with the least number of experiments. 5 . REFERENCES 
